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Twenty-five patients with aortic insufficiency and eight
asymptomatic control subjects underwent radionuclide
ventriculography at rest and during dynamic and iso-
metric exercise to clarify the mechanisms for preser-
vation of exercise capacity in aortic insufficiency. Re-
gardless of symptomatic state or severityof regurgitation,
patients with aortic insufficiency had no significant in-
crease in left ventricular ejection fraction or relative left
ventricular end-diastolic volume during dynamic or iso-
metric exercise. The radionuclide stroke count ratio (ra-
tio of left ventricular to right ventricular stroke counts)
progressively decreased in patients with aortic insuffi-
ciency from 2.98 ± 1.14 (mean ± 1 standard deviation)
at a mean heart rate at rest of 69.6 beats/min to 2.48 ±
0.59 (p = not significant [NS)) at a mean submaximal
bicycle exercise heart rate of 129 beats/min and to 1.97
± 0.57 (p < 0.005) at a mean maximal bicycle exercise
heart rate of 145 beats/min. The decrease in stroke count
ratio with bicycle exercise was significantly related to
the severity of valvular regurgitation at rest (p < 0.005).
Although achieving lower bicycle exercise heart rates
Patients with severe chronic aortic valve msufficiency may
have excellent preservation of their exercise capacity, re-
maining asymptomatic despite the development of exercise-
Induced left ventncular dysfunction The pnmary mecha-
msm for maintaining forward cardiac output at rest In chrome
aortic insufficiency IS cardiac dilation, but the relative amount
of regurgitant flow IS also Important and IS governed by the
regurgitant onfice SIze, the diastolic pressure gradient across
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and comparable diastolic blood pressures, symptomatic
patients had a lower mean stroke count ratio compared
with asymptomatic patients with aortic insufficiency,
suggesting that an elevation of left ventricular diastolic
pressure significantly decreased the regurgitant fraction
in symptomatic patients during bicycle exercise. In pa-
tients with aortic insufficiency, the mean heart rate (92
beats/min) wassignificantlylower with isometric exercise
than during the submaximal stage of bicycle exercise
(129beats/min). However, diastolic blood pressures, left
ventricular diastolic counts and ejection fractions were
comparable.
Because the aortic regurgitant flowdepends on heart
rate, regurgitant orifice size, diastolic blood pressure
and left ventricular diastolic pressure, the paradoxically
lowerstroke count ratio with isometric handgrip exercise
compared with submaximal bicycle exercise suggests that
an increase in left ventricular diastolic pressure in pa-
tients with aortic insufficiencyduring isometric exercise
produces the observed reduction in regurgitant fraction.
the aortic valve and the duration of diastole (I) Because
most aortic regurgitant flow occurs early In diastole, It has
been suggested that a shortened diastohc regurgitant penod,
due to Increased heart rate, has rmrumal hemodynamic SIg-
ruficance except, perhaps, In patients WIth severe aortic
insufficiency Radionuchde ventnculography makes It pos-
SIble to nonmvasively measure the ratio of total left ven-
tncular cardiac output to forward cardiac output (2-9) The
purpose of this study was to nonmvasively evaluate the
effects of isotonic and isometnc exercise on regurgitant flow
across the aortic valve and to relate such changes to alter-
ations In heart rate and left ventncular fillmg pressure
Methods
Study groups. Patients With aortic insuffictency The
study patients were drawn from 26 patients With a known
drastohc decrescendo murmur consistent WIth aortic msuf-
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ficiency One patient was excluded from the study because
of concomitant evidence of hemodynamically significant
mitral insufficiency Thus, there were 25 study patients, 22
men and 3 women, with a mean age of 41 years (range 22
to 69) Medications at the time of study included digoxin
m 10 patients and a diuretic drug m 5 No patient was
receivmg a beta-adrenergic blockmg agent The 12 lead
electrocardiogram at rest demonstrated left ventncular hy-
pertrophy in 10 patients, digitahs effect m 2 and no abnor-
mahty m 13 No patient had cluneal or radrographic eVI-
dence of congestIve heart failure
Ten patients underwent cardiac cathetertzatton Nine pa-
tients had angtographic evidence of moderate (3+)or severe
(4 +) aortic insufficiency, and one patient had angrographic
evidence of mild (2+) aortic msufficiency (10) Each of
these 10 patients also underwent coronary artenography and
no major coronary artery contamed a stenosis greater than
40% of the lummal diameter
Diastohc f1uttenng of the antenor leaflet of the mitral
valve was present rn 20 of the 22 patients who underwent
M-mode echocardrographic exammation No study patient
had chmcal, angiographic or echocardrographic evidence of
significantcoronary artery disease, significant aortic stenosis
or tncuspid insufficiency
Control group This group consisted of eight asympto-
matic volunteers, mcludmg seven men and one woman, With
a mean age of 30 years (range 16 to 39) Control subjects
had no evidence of heart disease by physical exammation
and were receiving no medications
Symptomatic versus asymptomatic patients with aortic
tnsufficienc y Before the study, each subject completed an
Informed consent form approved by the Committee on Hu-
man Research of the University of Cmcmnati, and cardiac
history and physical exammation were obtamed Significant
symptoms were reported by eight patients With aortic In-
sufficiency, mcludmg exertional dyspnea In seven patients
and dizzmess on exertion In one patient Data for two pa-
nents With isolated atypical chest pam were analyzed by
mcludmg these patients In the asymptomatic group and then
reanalyzing the data after reassignmg the two patients to the
symptomatic group No differences resulted and data for
these two patIentsare combined With those for asymptomatic
subjects
Radionuclide ventriculography. Each panent and con-
trol subject underwent rest and exercise radionuchde ven-
tnculography After In VIVO labeling of the patients red
blood cells With 25 mCI of technenum-P'Im, the patients
were positioned on an imagmg table USIng shoulder and hip
belts to mamtain irnmobilrty of the chest Irnagmg was per-
formed using an OhIO Nuclear senes 120 portable gamma
camera (Technicare Inc, Solon, OhIO) equipped With a
general purpo~e technetium collimator Usmg the patient's
electrocardiographic R wave, the scmngraphrc data were
sorted into 16 equal frames With the time per frame cal-
culated as 1/16 of the mean RR Interval Immediately before
imaging Data were collected In the antenor, 70° left antenor
oblique and modifiedleft antenor oblique projections at rest
The modified left antenor oblique projection was selected
in order to give optimal separanon of the nght and left
ventncles Caudal angulation was used to give optimal sep-
aration of the left ventncle and left atnum
Exercise protocol Patients then pedaled on a Collms
bicycle ergometer at 50 revoluttons/rmn begmnmg With a
work load of 25 watts that was increased by 25 watts each
minute until a maximal work load was determmed for the
individual Maxunal exercise imaging was completed In the
modified left antenor oblique projection dunng the last 2
minutes of exercise Each patient was reexamined Imme-
diately after maximal exercise-e-m each case no evidence
of tncuspid insufficiency or mitral insufficiency was present
In addition, 7 control subjects and 12 patients With aortic
msufficiency underwent submaximal exercise imagingInthe
modified left antenor oblique projection Immediately pre-
ceding maximal exercise imaging After a rest penod of 20
mmutes, isometnc handgnp testing was performed by hav-
mg the patient squeeze a handgnp ergometer at 33% of
maximal gnp strength for 4 rmnutes Patients were in-
structed not to perform a Valsalva maneuver while gnppmg
the manometer Dunng the last 2 minutes of isometnc ex-
ercise. scmtigraphrc data were collected In the modified left
antenor oblique projection Heart rate and a cuff blood
pressure were measured each rrnnute dunng dynamic and
isometric exercise
Left ventricular ejection fraction This was calculated
by an automated program (Medical Data Systems) for study
patients Companson of the angiographic left ventncular
ejection fracnon computed by the length-area method (I 1)
and the radionuchde left ventncular ejection fraction yielded
a correlanon coefficient of 088 (probability [p] < 005)
EVidence of left ventncular dysfunction was considered to
be present when the left ventncular ejection fraction was
less than 50% at rest or less than 55% In response to maximal
dynamic exercise (12)
Stroke count ratio A ratio of total left ventncular cardiac
output divided by net forward cardiac output was measured
as the rano of left ventncular stroke counts drvided by nght
ventncular stroke counts (stroke count ratio) The stroke
count ratio reflects a ratio of total left ventncular output
divided by net forward cardiac output provided that nght-
Sided valvular regurgitation and mtracardiac shuntmg are
absent (2) Severe aortic msufficiency was arbitranly de-
fined as a stroke count ratio at rest of 2 5 or greater MIld
aortic insufficiency was definedas a stroke count rano greater
than I 5 and less than 2 5
The stroke count rauo was calculated as follows (J3) The
end-vystolic frame was considered to be the frame for which
left ventncular count" were smallest as determined by the
time-activity curve generated by the left ventncular ejection
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fraction program The end-systolic frame was then sub-
tracted from the end-diastolic frame producing a "stroke
count Image " AJoystick was used to outline acnvity ejected
by the left and the nght ventncle, respectively A longi-
tudmal hne through the mterventncular septum as visualized
on the end-diastolic Image was used to guide the correct
assignment of pixels on the stroke count Image to the left
or nght ventncle The stroke count ratio was given by di-
vidmg the total counts withm the left ventncular outline by
the total counts withm the nght ventncular outlme Stroke
count rano data were determined without knowledge of the
chrucal data
To ensure a high level of reproductbtlity, end-diastolic
relative volumes of the left ventncle were calculated by
usmg the end-diastolic outline of the left ventncle as de-
terrmned by the second denvative edge-detection program
used for ejection fraction calculation Background activity
was subtracted from the end-diastolic counts and a correc-
tion was made for radioisotope decay of technetmm-99m
so that background-corrected end-diastolic counts were di-
rectly propornonal to end-diastolic volume To compare
end-diastolic counts at rest and dunng exercise, the data
were expressed as end-diastolic counts/nun. End-systolic
counts/min were calculated from background-corrected end-
diastolic counts mmus stroke counts divided by the acqui-
sition time m mmutes
Statistical analysis. Data mcluding heart rate, diastolic
blood pressure, left ventncular ejection fracnon, stroke count
ratio and left ventncular end-diastolic and end-systolic
counts/min are expressed as the mean ± 1 standard devia-
tion The significance of changes of these vanables from
rest to exercise or from one stage of exercise to another was
tested by the WIlcoxon rank sum Usrng the Student's t test,
differences were compared between patients With aortic m-
sufficiency and control subjects, and also between aortic
insufficiency subgroups based on stroke volume ratro, left
ventncular function and symptoms
Reproducibility (14) of the stroke count ratio was as-
sessed by two individuals who determined the ratio on sep-
arate occastons 6 months apart Duplicate deternunatrons
were made in five control subjects at rest, dunng maximal
exercise and dunng handgnp exercise (imtial measurements
1 26 ± 0 14 versus repeat measurements 1 37 ± 0 14,
P = not significant [NS]) Corresponding deterrrnnanons at
rest and dunng exercise were made m seven patients With
aortic msufficiency (imtial measurements 2 45 ± 1 25 ver-
sus repeat measurements 2 48 ± 0 93. p = NS)
Results
Comparison of patients with aortic insufficiency and
control subjects (Table 1). Heart rate and blood pressure
Patients with aortic insufficiency had similar heart rates at
rest and lower diastohc blood pressures at rest (69 7 ± 14.1
versus 81 3 ± 70 mm Hg, p < 005) compared With
members of the control group With submaxirnal bicycle
exercise, patients and control subjects exercised to com-
parable heart rates and diastolic blood pressures With max-
imal bicycle exercise, control subjects reached higher heart
rates than did patients With aortic insufficiency (159 8 ±
124 versus 145 0 ± 20 1 beats/mm), but the differences
were not statistically sigmficant Control subjects and pa-
Table 1. Companson of Hemodynamic Findings In Patients With Aortic Insufficiency and Control Subjects at Rest and
Dunng Exercise
Diastohc Left VentncuIar
Heart Rate Blood Pressure Stroke Count Ejecnon Fraction
(beats/nun) (mm Hg) Rano (%)
Rest
AI 696±117 697 ± 14 I 298 ± I 14 61 6 ± 75
Conlrol 653 ± 7 I 81 3 ± 70 1 32 ± 0 18 649±92
NS p < 005 p < 0001 NS
Exercise
Submaximal
AI 1290 ± 208 88 5 ± 14 2 248 ± 059 560 ± 136
Control 1229 ± 66 81 I ± 126 I 26 ± 014 757 ± II 2
NS NS p < 0001 p < 001
Maximal
AI 1450 ± 20 I 788 ± 26 I I 97 ± 057 56 I ± 157
Control 1598 ± 124 883 ± 64 I 28 ± 0 16 790 ± 9 I
NS NS p < 001 P < 0001
Handgnp
AI 920 ± 154 858 ± 12 I 239 ± 067 568 ± 10 I
Control 963±IOI 850 ± 13 I I 25 ± 0 14 69 I ± 79
NS NS P < 0 001 P < 001
AI = aortic insufficiency. NS = not Significant,p = probabihty
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tients had similar diastohc blood pressures dunng peak bi-
cycle exercise With isometnc handgnp exercise, patients
and control subjects had similar heart rates but there was a
greater increase over rest measurements in diastolic blood
pressure in the patient group (p < 0 0 I)
Stroke count rauo At rest and during each stage of ex-
ercise the mean stroke count ratio for the control group was
withm the normal range of I 0 to I 5 (7) The stroke count
ratio m patients with aortic msufficiency was significantly
elevated at rest (2 98 ± 1 14), dunng submaximal bicycle
exercise (2 48 ± 0.59), maximal bicycle exercise (I 97 ±
057) and isometnc handgnp exercise (2 39 ± 0 67) The
stroke count ratio, and hence the regurgitant fraction, de-
creased progressively as the heart rate increased progres-
sively dunng bicycle exercise (Fig I) This change was not
explained by the diastolic blood pressure, which increased
at each stage of exercise compared with rest measurements
Left ventricular ejection fraction For control subjects,
the mean left ventncular ejection fraction at rest was 64 9%
and increased to 75 7% with submaximal bicycle exercise
and increased significantly (p < 0 01) to 79 0% with max-
imal bicycle exercise (Fig 2) With isometnc exercise. the
ejection fraction increased msigrnficantly to 69 I % For pa-
tients With aortic msufficiency as a group, no significant
difference was observed In companng the ejection fraction
at rest (61 6%) With that dunng submaximalbicycle exercise
(56 0%), maximal bicycle exercise (56.1%) or isometnc
exercise (56 8%) The changes of left ventncular ejection
fraction from rest to maximal bicycle exercise were ex-
plamed by an Increasein end-systolic counts/nun m patients
With aortic insufficiency compared With a decrease in end-
systohc counts/nun in control subjects (p < 001) No sig-
mficant change in end-diastolic counts/min from rest to bi-
cycle or isometnc exercise was present m either the patients
With aortic insufficiency or control subjects
Patient subgroups To further clanfy the sigmficanceof
differences between patients With aortic insufficiency and
control subjects, the patients were subgrouped on the baSIS
of I) the seventy of regurgitation by radionuchde cntena
(With severe regurgitation defined as a left ventncular to
nght ventncular stroke count ratio of 2.5 or greater), 2) the
presence or absence of left ventncular dysfunction (con-
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sisting of a left ventncular ejection fraction less than 50%
at rest or less than with 55% with exercise), and 3) the
presence or absence of symptoms (including exernonal
dyspnea or dizzmess but not atypical chest pain)
Mild versus severe aortic insufficiency (Table 2). There
was no significant difference In mean heart rate or mean
diastolic blood pressure between the 12 patients with mild
versus the 13patients WIth severe aortic insufficiency at rest
or dunng exercise Despite srrmlar heart rates and diastolic
blood pressures, patients WIth severe aortrc insufficiency at
rest had a sigmficantly greater decline In stroke count rano
In response to maximal bicycle exercise and isometnc ex-
ercise when compared WIth patients With mild aortic msuf-
ficiency at rest (FIg 3)
There was no relation between left ventncular function
as measured by the ejection fractionat rest or dunng ISotOnIC
or isometnc exercise and the seventy of valvular regurgi-
tation as assessed by the stroke count ratio Similarly, the
change m left ventncular ejection fraction from rest to max-
imal bicycle exercise and from rest to rsometnc exercise
was unrelatedto the seventy of aortic insufficiency Patients
With severe aortic insufficiency had a sigmficantly larger
left ventncular end-diastolic volume at rest as deterrmned
by radionuchde measurement compared With patients With
mild aortic Insufficiency DIfferences mend-dIastolic
counts/rmn were not significant dunng exercise by radio-
nuclide measurement There were no significant differences
tn the changes In end-diastolic or end-systolic counts/rum
from rest to maximal ISOtOnIC or isometnc exercise between
patients With rruld and severe aortic msufficiency
Myocardial dysfunction versus no dysfunction in aor-
tic insufficiency (Table 3). Eleven patients WIth aortic In-
sufficiency and myocardial dysfunction (mcludmg 10 pa-
nents WIth myocardial dysfunctiondunng exerciseonly)and
14patients WIthout myocardial dysfunction had comparable
heart rates, diastohc blood pressures and stroke count ratios
at rest and dunng ISOtOnIC and isometnc exercise At rest
and dunng isometnc and maximal bicycleexercise, patients
WIth left ventncular dysfunction had significantly lower left
ventncular ejection fractions and higher left ventncular end-
diastolic and end-systolic counts/nun compared WIth pa-
nents WIthout leftventriculardysfunction (Differences were
stanstically significant foreach vanable except end-diastolic
counts/nun at rest) A significantly greater Increase In end-
diastolic and end-systolic counts/rrnn from rest to maximal
bicycle exercise was observed 10 patients WIth left ventnc-
ular dysfunction compared WIth patients Without dysfunction
Symptomatic versus asymptomatic patients (Table 4).
Seven symptomatic and 18 asymptornanc patients WIth aor-
nc Insufficiency had similar heart rates at rest, but asymp-
tomaticpatients reached significantly higher heart rates WIth
ISOtOnIC and isometnc exercise Diastolic blood pressures
for the symptomatic and asymptomanc subgroups were
comparable both at rest and WIth isotoruc and isornetnc
exercise. Despite reaching a lower mean heart rate WIth
maximal bicycle exercise, symptomatic patients WIth aortic
insufficiency had a significantly lower mean stroke count
rano compared WIth asymptomanc patients Because the
diastolic blood pressures were comparable In the sympto-
mane and asymptomatic subgroups, the lower stroke count
rano and, therefore, regurgitant fraction observed In symp-
tomatic patients dunng maximal bicycle exercise was prob-
ably related to a higher exercise left ventncular diastolic
pressure in symptomatic patients The presence or absence
Table 2. Companson of Hemodynamic Fmdmgs m Pat ients With Mild Versus Severe Aortic Insufficiency at Rest and Exercise
Diastohc Left Ventncular
Heart Rate Blood Pressure Stroke Count Ejection Fraction End-Diastohc End-Systolic
(beat s/nun ) (mm Hg) Ratr o (%) Count s/Mm Counts/Min
Rest
Mild AI 679 ± 150 71 0 ± 14 8 208±025 607±77 2625 ± 1084 962 ± 646
Severe AI 71 2 ± 79 685 ±138 382 ± 0 99 625 ± 76 4346 ± 2027 1234 :!: 937
NS NS P < 0 001 NS P < 0 02 NS
Exercise
Submaxirnal
Mild AI 1305 ± 34 I 87 5 ± 189 2 13 ± 0 37 588 ± 40 3195 ± 1614 1028 ± 779
Severe AI 1283 ± 13 3 890 ± 128 2 66 ± 0 61 546 ± 16 7 4556 ± 2186 2124 ± 1760
NS NS NS NS NS NS
Maximal
Mild AI 144 5 ± 24 5 77 8 ± 30 2 162 ± 0 34 59 3 ± 148 3127 ± 1261 1418 ± 11 54
Severe AI 1460 ± 166 797± 230 229 ± 054 532 ± 165 4790 ± 2612 2373 ± 2187
NS NS P < 0 01 NS NS NS
Handgnp
Mild AI 90 I ± 204 89 0 ± 12 3 194 ± 029 594 ± 98 3497 ± 1447 1467 ± 126\
Severe AI 937 ± 92 828 ± II 5 2 80 ± 066 543 ± 10 I 4353 :!: 1534 1666 ± 1289
NS NS P < 0 001 NS NS NS
Abbrevrations as m Table I
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Figure3. Change In stroke count ratio fromrest tomaximalsupine
bicycle exercise (top) and from rest to isometnc handgnp (bot-
tom). The declme In stroke count rano from rest to exercise was
significantly related to the seventy of aortic regurgitauon at rest
but not to the presence or absence of left ventncular dysfunction
or cluneal symptoms
of symptoms was not generally reflected by measurements
of left ventncular function or volumes No significant dif-
ference m left ventncular ejection fraction or left ventncular
end-diastolic or end-systolic counts/nun was found m com-
panng symptomatic and asymptomatIc patients except for
a greaternumber of end-systolic counts/min m symptomatic
patients with isometric exercise
exercise. atnal pacing (18- 20) and afterload stress (20-22)
More recently, radionuchde ventnculography has made It
possible to measure left ventncular funcnon and the relative
outputs of the nght and left ventncles without interference
from contrast matenal and cardiac catheters (2-9) To ac-
curately measure left ventricular valvular regurgitation by
this method, the patient must be carefully assessed to assure
that concomitant nght ventncular valvular regurgitation IS
absent.
Effect of heart rate on regurgitant fraction. Previous
reports (23) suggested that the ratio of left ventncular to
nght ventncular stroke counts decreases In response to dy-
namic exercise It has been postulated that with the occur-
rence of mcreasmg heart rate dunng exercise, the diastolic
regurgitant penod IS decreased, reducing the regurgitant
fraction The present study differs from previous studies in
several aspects I) To assess the effects of altered diastohc
bloodpressure without majorchanges m heart rate, our study
patients underwent isometric handgnp exercise. 2) In ad-
dinon to the presence or absence of symptoms, patients m
our study were analyzed on the baSIS of the presence or
absence of systohc left ventncular dysfunction (12) and the
seventy of valvular regurgitation by rest radionuchde ven-
tnculographic cntena 3) Patients m this study exercised to
higher heart rates (mean = 145 beats/mm) than were reached
In most preVIOUS studies 4) Submaxunal and maximal bi-
cycle exercise was performed facihtatmg companson of dy-
narmc and isometnc stress
Roleof tachycardiaversusincreasemventriculardiastolic
pressure Our study suggests that exercise-induced tachy-
cardia shortens the regurgitant penod decreasing the regur-
gitant fraction as measured by radionuchde ventnculogra-
phy Theeffect ISmost pronounced m patientswithevidence
of severe regurgitation at rest Although our study did not
include measurement of exercise left ventncular ptessure
throughout diastole, there are several reasons to disrmss an
increasing left ventncular diastolic pressure as the pnncipal
cause for the observed decrease in stroke count ratio with
bicycle exercise The previous study of LeWIS et al (16)
documented a larger Increase m systemic diastolic blood
pressure than In left ventncular end-diastolic pressure with
exercise, which would produce a net Increase in regurgitant
fraction Because diastolic systemic blood pressure m-
creased substantially with bicycle exercise m the asymp-
tomatic subgroup, an even larger Increase In left ventncular
diastolic pressure would be required to produce a net de-
crease In regurgitant fraction This IS unhkely as ausculta-
tory examination revealed clear lung fields in each member
of the asymptomatic subgroup immediately after exercise
The finding that heart rate IS a mechanism by which the
regurgitant fracnon IS reduced dunng supine bicycle exer-
cise IS not surpnsmg as a Similar recent study (24) dem-
onstrated a tachycardia-induced reduction In regurgitant
fraction In response to rapid atnal pacing.
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Discussion
Patients withchronic aortic valve insufficiency may have
excellent exercise capacity despite the presence of a high
regurgitant fraction (15) or evidence of exercise-induced left
ventricular dysfunction (12) The mechanisms by which
exerciseleft ventncular function ISpreservedIn patients with
chronic aortic insufficiency are not clearly established Pre-
VIOUS studies employed angiographic measurement of left
ventncular function during dynamic (16) and isometnc (17)
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Table 3. Companson of Hemodynamic F1Od1Ogs 10 Patients With Aortic Insufficiency With and Without Left Ventricular
Dysfunction Versus No Dysfunction
DIastolic Left Ventncular
Heart Rate Blood Pressure Stroke Count Ejection Fraction End-Diastolic End-Systolic
(beats /rnm) (rnm Hg) RatIo (%) Counts/Mm Counts/Mm
Rest
No dysfunction 679 ± 13 8 705 ± 139 268 ± 089 649±66 3084 ± 1702 749 ± 604
Dysfunction 71 8 ± 84 687 ± 148 3 37 ± I 35 574 ± 67 4075 ± 1924 1555 ± 827
NS NS NS P < 002 NS P < 001
Exercise
Submaximal
No dysfunction 1274 ± 254 855 ± 13 0 227 ± 030 634 ± 96 3366 ± 1612 1035 ± 899
Dysfunction 1323 ± 76 945 ± 168 291 ± 083 412 ± 5 1 5574 ± 2237 3208 ± 1680
NS NS NS p < 001 NS P < 002
Maximal
No dysfunction 1427 ± 230 77 I ± 23 5 1 92 ± 0 44 674 ± 77 2914 ± 1193 910 ± 863
Dysfunction 1474 ± 15 8 809 ± 302 203 ± 0 71 416 ± 10 3 5363 ± 2473 3193 ± 1896
NS NS NS P < 0001 P < 001 p < 0 001
Handgnp
No dysfunction 922 ± 190 860 ± 10 9 225 ± 043 621 ± 77 3284 ± 1392 969 ± 1048
Dysfunction 91 6 ± 99 85 4 ± 13 9 256 ± 088 500 ± 88 4780 ± 1299 2335 ± 1092
NS NS NS p < 001 p < 002 p < 001
Abbreviations as m Table I
Additiona l fact ors influencing the exercise regurgitant
fraction. Reduction m the regurgitant fraction cannot be
explamed by tachycardia shortenmg of diasto le alone The
reduction m regurgitant fraction during isometric handgnp
exercise was not explained by a change m heart rate as the
rest and handgnp exercise heart rates were not statistically
different Dunng submaxirnal bicycle exercise at a mean
heart rate of 129 beats/nun , the mean stroke count rano was
2.48 while isometnc exercise to a mean heart rate of Just
92 beats/min was accompanied by a mean stroke count ratio
of 2 39 With a constant regurgitant onfice size and an
mcreasmg diastolic blood pressure With isometnc exercise,
the decrease in regurgitant fraction With isometric exercise
IS most hkely due to an mcrease m left ventncular diasto lic
pressure as well as tachycardia . A significant contnbution
of left ventncular diastohc pressure to the regurgitant frac-
tion IS further supported by indirect data from companson
of symptomatic and asymptomatic patients . If one assumes
that exertional dyspnea Will correspond to a greater mcrease
in left ventncular diastohc pressure in symptomatic than in
asymptomatic patients With aortic insufficiency , It IS notable
that asymptomatic patients had a significantly greater re-
Table 4. Companson of Hemodynamic F1Od1Ogs 10 Patients Symptomatic Versus Asymptomatic WIth Aortic Insufficiency
Diastolic Left Ventncular
Heart Rate Blood Pressure Stroke Count Ejection Fraction End-DIastolic End-Systolic
(beats /rum) (mm Hg) RatIO (%) Counts/Min Counts/Min
Rest
Asymptomatic 71 8 ± 11 6 716 ± 117 3 18 ± 123 621 ± 71 3546 ± 2089 954 ± 765
Symptomatic 640±108 64 9 ± 190 248 ± 071 603±89 3455 ::':: 1040 1490 ::':: 836
NS NS NS NS NS NS
Exercise
Submaximal
Asymptomatic 1324 ::':: 180 91 I ± 116 256 ± 056 554 ± 141 4055 ± 2143 1759 ± 1634
Symptomatic 920±00 60 0 ± 00 169±00 620 ± 00 4617 ± 0 1758 ± 0
* * * * * *
Maximal
Asymptomatic 1502 ± 168 81 4 ::':: 22 2 2 12 ::':: 056 577 ::':: 157 3942 ::':: 2512 1777 ::':: 1980
Symptomatic 131 6 ::':: 23 0 72 0 ± 355 159 ± 040 520 ± 162 4120 ± 1236 2270 ::':: 1281
P < 005 NS p < 005 NS NS NS
Handgnp
Asymptomatic 963 ± 140 863±116 252 ± 066 570 ± 95 3711 ± 1617 1261 ± 929
Syrnptornanc 809 ± 137 84 3 ± 141 203 ± 060 56 I ± 122 4538 ± 1152 2365 ± 1676
p < 005 NS NS NS NS p < 005
*Sample size too small for stansncal testmg
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gurgitant fraction with maximal bicycle exercise compared
with symptomatic subjects despite comparable diastohc blood
pressures and significantly higher heart rates A higher ex-
ercise left ventncular diastolic pressure In symptomatic pa-
tients WIth aortic msufficiency best explains this sigrufi-
cantly lower regurgitant fraction Sirmlarly, the regurgitant
fraction was higher In asymptomatic compared With syrnp-
tomatic patients at rest and dunng isometnc exercise al-
though the differences did not reach staustical significance
Response of left ventricular function to dynamic and
isometric stress. In the present study, patients WIth aortic
insufficiency did not exhibit an Increase In left ventncular
ejection fraction In response to dynamic or isometnc ex-
ercise This was true regardless of the seventy of valvular
regurgitation at rest and regardless of the presence or ab-
sence of symptoms As noted previously (12), there was no
significant relation between the seventy of aortic msuffi-
ciency and the presence or absence of left ventncular dys-
function Left ventncular dilanon at rest was a compensatory
mechanism In some patients With aortic insufficiency In our
study and was related to the severity of aortic regurgitation
Left ventncular dilation In response to isotomc and isometric
exercise was srgmficantly greater In patients WIth compared
to panents WIthout left ventncular dysfunction and was not
related to the seventy of aornc insufficiency or the presence
or absence of symptoms ThIS correlates WIth the obser-
vations of Dehmer et al (25), who found no significant
difference In left ventncular diastohc volume from rest to
maximal bicycle exercise In asymptomatic patients WIth aor-
trc insufficiency Overall, their symptomatic patients WIth
aortic insufficiency also had evidence of left ventncular
dysfunction, reduced ejection fraction and demonstrated left
ventncular dilation WIth exercise, as did patients WIth aortic
insufficiency WIth left ventncular dysfunction In our study
Conclusions. The mechanisms of preservation of ex-
ercise capacity dunng isometnc handgnp and supine bicycle
exercise were explored In patients WIth aortic insufficiency
Left ventncular drlation at rest was related to the seventy
of regurgitation and further left ventncular dilation WIth
isotonic and isometnc exercise was pnmanly observed In
patients WIth evidence of left ventncular dysfunction Short-
erung of the diastohc fillmg penod due to tachycardia ap-
peared to be an Important mechanism for reducnon In the
regurgitant fraction With high levels of supine bicycle ex-
ercise The Increased metabolic requirements WIth bicycle
exercise were met by a significant Increase In heart rate and
not by a significant Increase In left ventncular ejection frac-
tion or end-diastolrc volume The reduction In regurgitant
fraction WIth isometnc handgnp exercise was not explamed
by changes In heart rate or blood pressure and appears to
be related to elevation of left ventncular diastolIc pre~sure
It I' concluded that the pre~ervatlon of exerCl\e capacIty In
patlent~ WIth aortIc InsuffiCiency I~ related to ~hortenIng of
the diastolIc fillIng penod by tachycardia dunng dynamiC
bicycle exerCIse, but dunng Isometnc exercise It IS Im-
portantly related to an mcrease in left ventncular diastohc
pressure
We are grateful tor the technical assistance of Joyce Beck, Melissa Colthar
and Mary Cochran and tor the ~ecretarIal a~mtance of Marge Flynn
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